of 1929) the reference surface to ted, and formerly called mean sea Several places in this report are known by two used in this report, with their other name shown Kashaiak River (Nayorurun River) Narogurum River (Kemuk River) West Togiak Lake (Nanavochtshak Lake) tributaries are economically important to the 1 is roadless, the streams fishing is the most The Togiak River system and other anadromous fish as well as Because thisi scenic river system also resources, its use by man
The purpose of this report is to present reconnaissance-level data on the surfacewater resources of the Togiak River basin. Tiese data include measurements and observations of streamflow conditions during late summer and late winter periods, stream-channel characteristics, evidence of past flooding and erosion, water quality, and benthic invertebrate populations. The data will help to (1) estimate adequacy of streamflow for proposed uses of the has increased noticeably ivelihood serve as prevalent provides for the possesses in recent stream or its water, (2) estimate and (3) detect and evaluate future natural or man-induced changes in the hydro!ogic system. A description of the the Togiak basin is included, and the potential for future flooding and erosion, of physiographic and climatic characteristics streamgaging records for several streams that drain a hydrologically and geologically similar area are summarized.
Setting and Climate
The Togiak River basin occupies a 1,935-mi 2 Bay in southwest Alaska ( fig. 1) (Selkregg, 1976) .
SEASONAL STREAMFLOW CONDITIONS Late Summer
Late summer streamflow in the Togiak River and its tributaries depends on rainfall and drainage from natural storage in lakes, snow, ice, and ground water. Seepage from springs was observed at various locations along the Togiak River during both summer and winter visits. Most noticeable springs were those in the area around Togiak Lake outlet. The August and September 1980 surveys indicated flow conditions similar to those for gaged streams in nearby basins. Streams were flowing at levels which covered most of the unvegetated channels, but were from 2 to 6 ft below bankfull. Salmon were swimming and spawning in all surveyed reaches of the Togiak River and most of its tributaries.
Discharge was measured at 11 sites along the Togiak River and its tributaries in August and September 1980. These sites are shown on figure 2, and their descriptions are summarized in table 1. The discharges measured provide estimates of late summer runoff. Dividing the discharge by drainage area for each site gives unit runoff (table 1) . Unit runoff is useful to compare runoff rates between sites. The highest measured unit runoff was 8.1 (ft 3 /s)/mi 2 in the Izavieknik River at the outlet of Upper Togiak Lake (site 2). This stream drains the highest, most rugged mountains in the basin, some of which contain small glaciers. The lowest unit runoff value was 2.3 (ft 3 /s)/mi 2 in the-Narogurum River (site 9) and in the lower Togiak River above Pungokepuk Creek (site 10). which drain lowland areas. The larger runoff water released by melting snow and ice. An esti discharge at any site in the basin is about 4 and velocity at the survey sites are listed in table 1.
These sites are located on rivers values from the mountains reflect nate of unit runoff for late summer (ft 3 /s)/mi 2 . Stream width, depth, During August and September 1980, channel and and its tributaries were stable at the surveye length, except at reaches of braided or split clearly shown on U.S. Geological Survey maps at typical stable reach (site 7) of the Togiak River figure 4. flow conditions in the Togiak River 1 sites and throughout most of its channel. The braided reaches are scales of 1:63,360 or 1:250,000. A at Togiak Lake outlet is shown on Gravel, cobbles, and boulders were the dominant streambed materials (see chart, p. 9 )> and in most channel reaches these materials formed the normal flow banks. Silt and sand were generally present at the top of the banks. Only high flows washed against the silty or sandy banks with sufficient velocity to cause erosion. Small amounts of silt were being transported in August and September 1980. Measurements were made at sites on the Togiak River and its tributaries in March 1982 to provide streamflow estimates under low-flow discharge conditions. The 11 sites established during the late summer survey were visited again in March. An additional site was also established on the Ongivinuck River, about 3 mi upstream from its confluence with the Togiak River (site 7.5, fig. 2 ).
Open-water sections were found on the Izavieknik River (sites 1, 2, 4), West Creek (site 5), and Pungokepuk Creek (site 11). The Togiak River at Togiak Lake outlet was open but the amount of ice cover progressively increased to more than 80 percent below the confluence of Ongivinuck River (site 8). The Togiak River was 100 percent ice covered from above Pungokepuk Creek (site 10) to Togiak Bay. Thickness of the ice ranged from 0.6 to 1.5 ft at Trail Creek (site 3) and from 2 to 3.2 ft at Togiak River above Pungokepuk Creek (site 10). The higher altitude sites with little or no lake storage (sites 1, 3, 6), had a measured unit discharge of about 0.5 (ft 3/s)/mi 2 . At the remaining sites, unit discharge ranged from 0.8 at Pungokepuk Creek (site 11) to 1.6 (ft 3/s)/mi 2 on the Ongivinuck River (site 7.5).
Discharge data gathered during the late winter trip are shown in 
Vocation; lat 59°23'24", long 159°44'12". Records from these gaging stations are published annually in the Geological Survey's water data reports (U.S. Geological Survey, 1960-81).
Streamflow data for the period of record at Nuyakuk River near Dillingham and Snake River near Dillingham were used as a basis for estimating the monthly means for Togiak River during March, August, and September. Monthly and annual means and annual maximum, mean, and minimum values are shown for the Nuyakuk River ( fig. 7 ) and the Snake River ( fig. 8) . The results indicate an annual cycle that includes decreasing flow from October to April followed by a rapid increase due to snowmelt in May and June and a gradual decrease in July, August, and September. Unit runoff rates measured in the Togiak River basin in August and September 1980 ranged from 2.3 to 8.1 (ft 3 /s)/mi 2 and averaged about 4 (ft 3 /s)/mi 2 .
FLOODS
Flood hazards can be evaluated by studying evidence left by floods. Traces of past floods can be recognized in accumulations of flood debris, washlines on steep banks, and channels swept clear of vegetation. The highest such flood signs along a channel are indications of "maximum evident floods" (MEF's). If large floods have occurred in the recent past (within the last 50 years), floodmarks are usually evident (Childers and Kernodle, 1981) . If there is no such evidence, then it is probable that no significant flood has occurred recently. Assuming that nearfuture flood conditions (next 50 years) will be similar to those of the recent past, these future conditions can be estimated by interpreting past flood evidence. The area! extent of inundation can be determined by mapping MEF marks. Floodwater surface profiles can be determined by surveying MEF marks through a reach of river. The profiles and surveyed channel characteristics are used to compute the discharge corresponding to that profile (Riggs, 1976) . The MEF discharge is the maximum discharge that has occurred in the channel in the recent past. Discharges of this or greater magnitude can be anticipated in the future and this information is needed in planning riverbank development.
Of MEF prOfllQS, tenkfUll profiles, and channel geometry were made at eight sites along the Togiak River and its tributaries. MEF marks were found at most sites but were scarce compared to sites previc (Childers and Kernodle, 1981) . Backwater from usly surveyed in northern Alaska lake stages resulting from winddriven waves affected sites 1, 4, and 5 near the ;inlets to the Togiak Lakes so that MEF discharges could not be determined. um Bankfull discharges, MEF discharges, and MEF Unit runoffs range from 12.9 to 50.0 (ft 3/s)/m channels in the rugged mountains near Upper Togia channels below Togiak Lake.
; runoffs are shown in table 3. . The highest values were from Lake; the lower values were from 1 Computed from equations by Lamke (1979) . 2 Same as bankfull; no maximum evident floodmarks above bankfull were found. At the survey sites, channels were usually bounded by grassy or brush-covered sloping banks, and flood-plain areas are covered with trees, brush, or tundra. Bankfull elevations were determined from observations of the flood-plain surface (Leopold and Skibitzke, 1967) and the edge of mature flood-plain forest or vegetation (Sigafoos, 1964) . Mature flood-plain vegetation along the Togiak River ranges in age from 20 to more than 50 years based on ring counts from trees in these areas.
Bankfull surface elevations are indicated on most of the channel cross sections in figure 9 . The scale of the drawings does not permit separation of bankfull and MEF elevations for sites 2 and 6. Bankfull elevations ranged from about 2 ft to more than 5 ft higher than the water surfaces observed during the surveys. MEF marks were found at elevations ranging from bankfull tD about 2 ft higher than bankfull.
ti The MEF discharges are compared in table 3 wl computed from basin characteristics using relations basin and channel characteristics that Lamke 2-yr and 50-yr flood discharges developed by Lamke (1979) . The found to be significantly related to floods are also shown in table 3. The peak discharges for the 2-and 50-year flood events computed from Lamke's equations are high when compared with bankfull and MEF discharges estimated for the Togiak River basin.
WATER QUALITY
Water-quality field data were collected in the Togiak River basin during August and September 1980 and again in March 1982 . These data indicate a general similarity in water quality throughout the basin and serve as a guide to more extensive waterquality assessments.
Field measurements of water temperature, dissolved-oxygen concentrations, pH, alkalinity, specific conductance, and discharge were made at 11 sites during the August and September 1980 survey (table 4) . Water temperature, pH, and specific conductance were measured with portable meters. Dissolved oxygen was determined by the Winkler method (Skougstad, 1979) . Alkalinity values were calculated from field bicarbonate values determined by titration to a fixed pH end point. 3°C to 2.5°C; they were higher at Dissolved-oxygen concentrations ranged from 11.9 the inlet to Upper Togiak Lake (site 1), to 13. Togiak River (site 8). Generally, however, the to 13.5 mg/L. Specific conductance ranged from except for West Creek, were found to range from well as alkalinity and specific conductance value lower than values of those constituents measured winter (table 4) .
AQUATIC ORGANISM
Aquatic organisms were sampled at 11 sites in during August and September 1980. Streambed principally gravel and cobbles; the Togiak Rive Many sockeye salmon were observed throughout the in the middle and lower reaches of the Togiak Riv*r Biological samples were collected using a dipresembles a heavy-duty butterfly net, was rigged The sampling procedure, which should not be considered strictly quantitative, involved placing the net on the streambed and al to be carried into it. In areas of low current velocity the net was used as a probe to scrape submerged vegetation, and to bru The net was held in place on the streambed for a the data-collection sites. The sample was then in 1980 and an additional site on (table 5) . Water temperatures mg/L, on the Izavieknik River at 8 mg/L at Bruin Creek (site 6) and values ranged from about 13.0 mg/L 42 to 90 jumho/cm. The pH values, 6.9 to 7.5. The pH measurement as s at West Creek were significantly at other sites both in summer and the Togiak River drainage system material at the sites sampled was and its tributaries were clear, basin. Coho salmon were abundant net sampler. This device, which with 0.210-mm opening nylon mesh. lowing disturbed material upstream sh and scoop deposits of detritus, pproximately 15 minutes at each of washed into a bucket of water and poured through a No. 70 U.S. sieve (0.208 mm). This concentrated material was packaged in plastic bags and preserved in a 40-percent alcohol solution until later analysis and identification to order and family levels.
Results of analyses of the biological samples are presented in table 6. The number of taxa (major groups of organisms having similar characteristics) per sample is given, as well as the total number of organisms actually collected. The Diptera family Chironomidae (midge larvae) represented the largest percentage (40 percent or more) of all organisms found at 7 of the 11 sites sampled. Ephemeroptera (mayfly nymphs), Plecoptera (stonefly nymphs) and Trnchoptera (caddisfly larvae) were Ranges of collected data generally present at all sites. These particular immature invertebrates commonly are associated with clean, wel1-oxygenated, cool streams and, along with midge larvae, provide a major food source for indigenous fish.
The number of taxa at all sites ranged from 9 to 17, which reflects the welldiversified composition of invertebrates and indicates the general overall good health of the streams surveyed.
DISCUSSION
The streams in the Togiak River basin have flow characteristics similar to those in adjacent basins where streamgaging records have been obtained. This similarity includes late-summer and late-winter unit runoff and unit flood flows. Both biological and water-quality data collected indicate similarity of streams when sampled and their excellent overall quality.
The Izavieknik and Togiak Rivers are influenced by the two major lakes in the system (Togiak and Upper Togiak Lakes). These lakes directly contribute to the following: (1) an extensive salmon nursery, (2) channel stability of the rivers, (3) lack of extensive gravel bars in the lower reaches of the Togiak River, (4) generally stable nature of river discharge due to the lakes' modifying effect on streamflow, and (5) changes in stream water temperature near the lake outlets.
The 1980 and 1982 reconnaissance surveys provide a basis for assessing the surfacewater resources of the Togiak River basin and for planning additional water-related studies. Future development in the basin will require planning for water supplies, flood control, instream flow needs for fish, recreation, and other activities. The types of anticipated uses should govern the design of data-collection programs. With Togiak River basin data collection in its beginning stages, early identification of priorities for water information will allow data collection to be tailored to the needs. Remoteness of the basin from support facilities contributes to high costs of data collection in southwest Alaska. Improved techniques and instrumentation are needed to reduce the complexity and costs of data collection.
To obtain the necessary streamflow records for most potential uses within the Togiak River basin, gaging stations could be established at one or more of the survey sites described in this report. Gaging stations at the outlets of Togiak Lake and Upper Togiak Lake could provide particularly useful hydrologic information. Hydraulic conditions at those sites are suitable and the lakes would provide landing sites for float planes in summer and ski planes in winter.
The use of the Togiak River system for recreational purposes will probably continue to increase. Riverboat travel could be hazardous from upper Togiak Lake to Togiak Lake due to partly submerged trees and deposits of streambed gravels resulting from bank erosion. The main channels from Togiak Lake to Togiak Bay have sufficient depth for outboard motorboat operations during open-water periods.
